Ca2+-induced alteration in the unfolding behavior of alpha-lactalbumin.
Comparative studies of the unfolding equilibria of two homologous proteins, bovine alpha-lactalbumin and hen lysozyme, induced by treatment with guanidine hydrochloride have been made by analysis of the peptide and the aromatic circular dichroism spectra. The effect of the specific binding of Ca2+ ion by the former protein was taken into account in interpreting the unfolding equilibria of the protein. Proton nuclear magnetic resonance spectra of alpha-lactalbumin were also measured for the purpose of characterizing an intermediate structural state of the protein. In previous studies, alpha-lactalbumin was shown to be an exceptional protein whose equilibrium unfolding does not obey the two-state model of unfolding, although lysozyme is known to follow the two-state unfolding mechanism. The present results show that the apparent unfolding behavior of alpha-lactalbumin depends on Ca2+ concentration. At a low concentration of Ca2+, alpha-lactalbumin unfolds with a stable intermediate that has unfolded tertiary structure, as evidenced by the featureless nuclear magnetic resonance and aromatic circular dichroism spectra, but has folded secondary structure as evidenced by the peptide circular dichroism spectra. However, in the presence of a sufficiently high concentration of Ca2+, the unfolding transition of alpha-lactalbumin resembles that of lysozyme. The transition occurs between the two states, the native and the fully unfolded states, and the cooperativity of the unfolding is essentially the same as that of lysozyme. Such a change in the apparent unfolding behavior evidently results from an increase in the stability of the native state relative to that of the intermediate induced by the specific Ca2+ binding to native alpha-lactalbumin. The results are useful for understanding the relationship between the protein stability and the apparent unfolding behavior.